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(54) Hjci-g-y #§><tm %^\m oisa- oi^j-ai-Eiih s-^dhsi xii^s 



M BI-SS Ti0 2 lT^DHo| tfgg *ro« flth *m« S-**nll ^|3E0H| 3jo|cK Ti0 2 S-^nH°l TiOs n|M*l|fi| 
oj^Ol sfS^^ & L+EHtf7| iXHSOlj 10- 20nm 0|5fo| D | A -||*h ft*||7|- nmS]JL 9^\. ZL&W, 0|SH& D|e*l| 

te gaol tJo-|i47l *H<H g-*a|fi| iff xMA|?|7HU g^s S°l g«|§ 0^7 1 Aim. [^ah, S=*aH°| 

JLEitW DIUOI TiCbMS-S &*«<H| &X|A|5N ?Jo D =) i i^^AHfe 7|«E^|M S3f tfg c|-3g § 

S« ^sl Ahg^ji fcjch zleHU, Ti0 2 oj ttSS S!0| ifc *oflAHeh fcjoWHS, cfe^ tfSSi 9*13. Ah 

Sofe 5& zicFxi um-5|*tx| ««FcH, xfl#B|o|ms>F &e ch§^ gse 7R^o| UM &*ms\ #£A|=?| 

aejoi tin ajcK 



t* IT #7|& ^0| gSJ-JEfe SEHfil 7|fcS| 7H-ti^7| fl«F<H ^o SA -j ( TSflSE^lM g*[|||o| 

a x^o-js^ mir-golJi x^lSSJ TiO 2 5M3f0Hs>l xfls fllgshfe 5§ ^S°s fix*. 



£ 1 

SAj|Ai 

sesj yes 
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£ 1S » Ti0 2 n|*f S^aHfil *«S s«E. 

£ 2fe fF^SiTS S«|s ft Ti0 2 JtW S-^nHsi <y*HE| ££oij s|*h omEfx|« Ti02S| l^SSJ =171 &mm L_hE(-i_H 




srgsi oi ftg@*iit 3*0=1 g-*i|o| £ i^(hi ussj 3.7|7^ D\Mm oMB[nm Tio 2 M Eixth s^ohsi n\ 
SOI M 5io|ch 

^□H 0=1 EH 7h?;|oj gSjoflAI sr£JJE|-il jyxlffl, 7|-^ yEl A^JEjJI Ti0 2 Old-. 0|^& 

g*nn. >a«H a- a ai ei^Mi ¥«h«hji. ^ ?rioi xhhskm gx^oie^ oi# tmsoicK 

olSHSTiOaOife o}U-E|-x|(anatase)S, ¥H(rutile)S, ¥¥?fO|M(brookite) «3| 37|-*| §*fi| SS?^ ^oaj, 
TiO,^ £S aJ SFSS §oll yal stxiEl-, ^^DH^AH *4tm 5s o^e[^|« Ti0 2 o(cK oh 

Ti02 SI SHc ^(band gap)S 3.2eVO|cH, fSS TiO 2 S| fiHE. 2je 3.0eVS, o|-l|-e|-*|« ^0| EiJEOlS! *| 
^ofl 2 a 'oh £t£j^o| g-sKn ij-iS CH ^7-11 4= ?J7| nHSOiq-. of^E^|§ Ti0 2 fe w|e nfloj ^ @ n>y ; «^|, t 

3, £E^ S7|go| <£^#5Jo| §y Xi|7H &oj 7 |- S 7WJL ?M « §§SS^oNI SS» ?Jch. 

S^oHS-M TiO^oie*)* oisst g*. o|e*ljs| 2jgo| S*oH «-go| a.7\ aflgoll 10- 20nm o|^s| a|AH| 

& e*W nBIM-, o|&)& n|S*|fe S5Jo| °1<Hl|-7| -Mo-j S^oHsl 4S§ xMA|7|7-m All&tfe 

SSI 0j7|A|flCh. CCFShAH, DISS] TiO^ITS S*I|(H| B*|A|7=| A^tffe 501 m^O|Ch 9*|S/Hb Af|«Eh 

o|fi 521 cF«^ MSo| AhS£|ji ajch. HEHU, Ti0 2 2| S-^dH HJ-SS S3o| *cH|AHSj- yoHUHS, c^S^ 

Ahsshfe zLchAi dur^sfxi ^si-ch, «r« tisefoissi- ^s-a ise 7^01 uimf *^dh 

# i^SS 4> K 7|& u|-fih #o| SEHs) 7|#o^| ojoHAi, ^^oHs| &*|» SSo| ofy ?H 4JB|?K ^ 

□ |Lh S5f XH7^ Uld-S-S d-tFM M*I|S t[JL, <gM\o\ iSCH| 3I|^Efe Ti0 2 S| H^nH lf^A|7|7| ^|«H 

Ti0 2 S| Jim a 1 M*HS| ^Zdsi Sli TQlioH oil o|fh ji^^i =^nHS| Alj>£ a-H* Al|gt|-feD|| <ych 
71*^ iM-7v||S 3^o|7| flff m yg S £ ohch| SJ7HSKH £M|ij| ^S^B cfs^ 

£ IS tf tf«(H| ll|-e TiO 2 ^0(|S| A||S £A|*h 5°^.Ai, S^DHSI S^SJSOl 1~ 100p£J 

K ^B|7K gh^oia sal ald-^-a #s*B Al-s^aji, Ti0 2 s| 3r|^« ^|*h E|&a| safJo^ fe a^s|-e|bi- 

(TiCI 4 ) S-^E|Efe(Ti(S0 4 ) 2 ) TNBT((C 4 H 9 0) 4 Ti) g^S A^S^ocH, ®M\2.\ iHofl E]Efe 

^SiS S<SA|7|7| fle SJSXflSfe ^l = 5|-S, 0|-»{+LF£», isgfg, ^SLUf, E^^iSfHs SS AhS 
SHScK nl^xHBlb ?JSgif 4f7| si^ojcHI *TS(H|AH ^t+^Ji JiBh^BJ/H. ^^?^cK #7| E|Efe aj^s 

S| g|^<5H 0.01M0W 1MS ^MjI, 0.1M0^|AH 0.5MOI U^S|«Hat*. ^71 SS^ISI S|^<=H 0.1MCHIAH 

10M^ «|-SJj1, 0.5MOl|AH 5.0MO| UHr^S^DK H|^*HB| ^ ej"^, AllStFO^ 110 o C0^|Ai 24MZ} 7 dZEt[9i^l 
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o\4t<*M& ito\ as\9[, tf^Diuh go) hicfs^ mm gnm 'sms. sf<h mmm<n *mw*si mm MB\m 

^tWSW. E[Efe ^A^g g-*||i= SQo| ^A^m A^ A |?|7| ^|§H 300°C~ 700°C°I S£Bfl<HW 1-10 
A|2J- g£h ^^a|§^^, <a*iB| BE.V[X\2\ ^Sfg 5 ~ 50°C/min.o^. ^WjfMcf. H;ME| 400°O 600°C 

7|- Hm-S^in, <H*HB| A|ZhS ^^g0| 20°C/min.S ClH 2- 5A|?_ho| 54^t|-?^K 

01^4 ^oi trse sr«ron°i i h se si^sFg°i wmg, &7i*t<&c\. m±m[m^\ ^s* a-sias 

fe 254nm£| Xh£|^ A^sl-^Jl, S;fciM-S|-g£| g^o^^ NO ig7^f a^S^JH, 157^2| NO feife 2 
OOppm (balance gas N 2 )°I°^K ^§^1 Ti0 2 il|^ ^*ietf2| 1g°S*HJjjl f 0| A|SS ^S7| Uj°J 

A|scH flo* ne7H| a^ -a*W0cK n\7m ^S7| LHo| a^SI-Sfil *££r 3- 4ppmOl £J£S ^s^o 

gastec(¥) m zm&m Mmw ^mtitm. seek &no\ £a<Hi ssa tio 2 °i ss^j 37it xd siamsi 

y&5|o^¥EH Sheerer &|« 0|«*r0=| ?S r SW. 

0|#m- i h e ^cHxfe TiO z °l ^SSJ 3.7fe 9.5- 19nm« M-EHJj&Jl, £ 2£ ti^Bl ££CHj rH-ff- oWEf 

THIS Ti0 2 °] 3S£J a7|fi| esh« U^KHfe x-td SJS S^oicK nH<H|/H 4= ai*o|, 29 SJto| 25.25° ¥2 
cH| AH M-E|-L|-fc x-£d s| a xt|H7|- ohLhE|-^j Tio 2 s| ilcHS-S. ilaejcll. n tt2Wo| "HtHbI &±tt^. 
o|5S B*iE| S^°l &£c$ ccj-eh o^i_ r xlii3 Ti0 2 a| 3S<aJ 3.7\?\ §7 r *rfc 5© Mo* ^fe ajJ|-o|cK S-^DHsJ s 

-ys <h*hbi g£7i- 5oo°c^ mi 7ts e urn i-muiw ©ch, o\w w^eas] s.^\ wmm "no 2 °i as^j B7it at 

[ 4JA|<N| 1] 

^Uj0|Ai(H|AH ^£|fer fl^^Si-* S^O=| TiO 2 ^^f0H# X^^SJcK fl^^^oj ^^oj^g 15|imO|^C|-. 

Tf^etf 30g« Ah-aSI-Elt!- 0.2MBF 0.3M °\ S-tf ^S^O^I S^s|-JL, af 300rpm°l JE^^aAH Sj^jAllS 

♦ 110°C01|AH 24A1Z! SO- 7 dSSf^a. Ti0 2 °J IW&S fl^l^S g??2j 5%S t-l-EKHS^CK 

E|EHS ^i+SFS* El^fth id2| ^A|7|7| ^jSH ^gf 20°C/min.^. 7^f^O^ 400°C(H|Ai 3Aj 

yj goh ^*HB|«t^Ch. W^^-^SLl i^Ofl TiQ 2 o| gS^J 3.7 9.5nmO|?jjJl, S^ShS(NO) 7<||7H# 

& Ti0 2 iW fl^ea h 1gS *I«KH 4JA|sh53nh. S^atSal Ai|7HSe ASS*|(HI S^ahS* ¥iJ^ ^ 7& 
COI 70%« Ll-El-LHSJTL, 15& 3j*«|-7)| El^ 92.7%^. •fe, h ^§F?^Ch. 

[ 4JA|(H| 2] 

30g« 4JA|o^[ 10H 2_7m S^f!- H ja°£ efefe 4=s[-gS| il^Bl* ^A|sf?^c|-. E|Efe ^^Sl-S* 
& ^A|0^| JfOl &<2H, AIIS 20°C/min.^. 7\%t\0\ 500°CCH|AH 3A|^ M*fB|«|-anf. 

9] JLtfcHI JEWS Ti0 2 SJ aSS3 3.7fe 10.2nmO|$^H, S^SSSI A||7Hgg- ^S7|0^| m±#m%m ¥SJfh #■ 7 

e S2hfi!S cm 74%s UEKH?in, 15S S2|-t|-7Hi Eie ioo%S M^ck 

[ 4JA|0|| 3] 

Tf^ietf 30g« *JA|CH| 1 CH| i7|*h §°J& HH°S E|E|-fe 4"S|-SS| 3tW«HB|# 4JA|sj-°^EK E|Efe ^^SfgS JD1|» 
B ^^Sae 4IA|CH| 14 ao| &°h, * 20°C/min.^ 7h«a^0^ 600«COflAi 3A|£h ^*HB|S|-23CK fl^^a- 

si jeh(hi mmm i\o 2 m as^j aL7fe i2.4nmoi5Sji. a^assi xmmB ^S7|<hi a^sss * 7 

e S2h?i!« cm 60%S UehjiMjI, 15M gai-tl-Tll EIB 95%« M?M. 

[ ^AICHI 4] 
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30g« ^A|oi| 1 oH| 17|S E[Efe ^Shgo| jtm^Bl* iUlt^cK E|Efe ^tfShg* JEW 

e- if^^^e UA|0fl 13f ^0| ^°H, AHIS + 6&§ 20°C/min.^ 7h«H^ 700°CCH|AH 3A|7J tt*lE|*H8cK 
S| 2.&0\\ imi! Ti0 2 °| SSiJ =17fe 19.0nmO|?^H, §j£tf^go| WISS H^tfSFS* ¥SJ& * 7 

» S2hS« OH 57%« UEhLHSiH, 15* £|S 87%S MSjCh 

[ H|JiL0i| 1] 

Al&geJ 0|A|ShE^<a(^)o| Ti0 2 ^gh(XliSS:ST- 01) ^DH# 0|#^0=| S^tt^S X-i|7-|S ^A|S|- 
<ycK o|A|st£^t|(^)(H|/H *9tt#fc Ti0 2 S*aHfiJ aSSJ 5L7|fe °r 7nmOU, ¥tS a-^nHS ttBW ?M. A|s 
oj irs 4!A|0f|fi| Ti0 2 iW?f3F SiJSWI Sh7i o.OSgo^. Z[?*Ct. S^iWSSI «[7H#& A«7|ofl a^stfS 

¥SJfi * 7g ttH 75%S M-EhLHS^Jl, 15S 7 S^n EIB 100%S MOi UA|0j[ 22f 7-jo| S4l ^ a3 f 

e ti- §s Hi^g^ ttM e*n# sh7i tme^i »^dh°j x-ii^&^m ^o^it ? A iooi ^^itni 

e|e|-&^^S|-SS| lN£ 7 d Si axHel i?dS XH|O^K=l El** TiO^ Sj ^§<£J£| 37|* 9 - 20nm77W £St 
^ jlL, ai^SFgo] X||7HfeS AlthJElJl 5Wfe <|J£o| 0|A|S^Ab<y(¥)£| Xflg(ST- 01 SS» xSI M<H ^ 

(57) s=Ffii afl 

S 1 ??!- 1. 

Mam, s*oim- sre tdichg^ w &*is &7i esej eiehb s^s m^<H\ 

^SoflAH &#tkz jjLEhtfB/H «W*I-<H g-*||o| aejoll e|e^ ^&s}s« §<yA|£] * a<aj, A-i|g^o=| no 

°C0\\M 24A|7i fiStfjI, #7| E|Ehfe ^#mmm *+*A|7|7| $mol «*|B| eSttS|S| ^£§f 5~ 50°C/min.°5l 
ZE^ShJl, 300°C~ 700°C°| eSBfloM 1~ 10A|7J" 5& <H*HE|S|-0:| 4:^A|7|fe ^§jo^ A^g" 

■a. 

2. 

A-llltMl *MS ^WE|B-(Tia 4 ) ^B°A % h ^E|Efe(Ti(S0 4 ) 2 ) ^S^! SEb TNBT({C 4 H 9 0) 

4 Ti)S«2E|o^ «|-JE| S|^«2!jo| 0.01 M - 1.0MS «HH, S^Afc *| = BFS, OFStWEi, Htl, ^^^1 

S Efe l^iSfiHi AFStF^I s|-M«jo| o.1 M - 10.0MS Sfe S"^DH AilS^S. 



_ 4 _ 



57H*r*i ^2001- 0091498 



£^ 1 



( 1 ~~ 100f«) 



Ti(0H) 4 ^ 



<3 ^ 



Ti0 2 



HOt: , 24hr 



5 -SOt: /mill., 300~700r:, l-10hr 
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counts/s 
800 



700^ 



600-= 



500^ 



400^ 



300- 



200-= 



100- 1 




•T"i r- i p-m } i i i i j i i > i | i TTT-j rm j i i i i | i i i i | i i i v\ i i \ i { n i i | i t i i" 

24.0 ' 24.5 25.0 25.5 26.0 26.5 27.0 

0 Theta 
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